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ABSTRACT 


This  report  contains  propellant  test  results  from  cartons  of  TP-H1011 
bulk  propellant  representing  LGM-30  A and  B First  Stage  Minuteman  Motors. 
This  report  is  the  fourteenth  time  that  a statistical  approach  has  been  used 
to  analyze  First  Stage  bulk  carton  propellant.  Testing  was  accomplished 
in  accordance  with  MMEMP  Project  M82934C-WNL17514 . 

The  purpose  of  testing  was  to  determine  and  provide  early  warning  of 
any  serious  degradation  trends  occurring  in  the  propellant  for  sen  ice 
life  predictions. 

An  analysis  of  all  parameters  indicates  that  no  potential  problems 
are  expected  in  the  propellant  for  at  least  two  years  past  the  oldest 
data  point. 

Data  stored  in  the  G085  System  were  plotted  utilizing  the  IBM  360-65 
Computer  and  CAL -COMP  Plotter.  The  data  range  at  any  age  can  be  found  by 
suitable  inquiry  of  the  G085  System. 

Each  point  on  the  regression  plot  represents  the  mean  of  all  samples 
at  that  particular  age.  The  number  of  specimens  at  each  point  is  indi- 
cated on  the  sample  size  summary  sheet  accompanying  each  regression  plot 
or  group  of  regression  plots. 
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INTRODUCTION 


| 

A.  PURPOSE: 

Quality  assurance  tests  have  been  conducted  for  fifteen  years  on 
First  Stage  LGM-30A  and  B Minuteman  Motor  Propellant  blocks  to  evaluate 
the  effects  of  aging  on  TP-H1011  propellant. 

Statistical  analysis  of  the  tests  performed,  as  directed  by 
Engineering,  should  provide  early  warning  if  serious  degradation 
trends  occur.  Annual  evaluation  of  the  propellant  provide  data 
that  can  be  directly  input  into  engineering  reliability  and  service 
life  predictions.  Testing  was  performed  in  accordance  with  MMWRM 
Directive  GTD-1C  and  GTD-1C  Amendments  1 and  2. 

B.  BACKGROUND: 

Testing  was  first  accomplished  at  MANCP  on  LGM-30A.  TP-H1011 
propellant  blocks  in  1963  and  was  designated  Zero-Time  Testing 
(MAGCP  Report  Nrs  29B,  29C  and  29F) . Subsequent  testing  was  accom- 
plished at  approximately  24  month  intervals  (MAGCP  Report  Nrs  29G, 

29H  - Phase  I;  76  - Phase  II;  181  - Phase  III). 

LGM-30B  Zero-Time  testing  was  accomplished  in  1964  with  sub- 
sequent testing  at  intervals  of  24  months  (MAGCP  Report  Nrs  32A- 
Zero-Time;  32C,  49,  53,  55,  58,  61,  66  - Phase  I:  118,  126,  130- 
Phase  II;  195,  268  - Phase  III). 

Reports  prior  to  MAGCP  Report  Nr  223(72)  contained  raw  data 
using  sigma  relation  to  compare  to  Zero-Time  variance.  MANCP 
Report  Nr  239(72)  published  in  April  of  1972  contained  all  the 
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data  on  LGM-30A,  B,  F and  G in  the  G085  System  at  that  time. 

Report  Nrs  258(72),  268(73)  reported  LGM-30A  and  B data 
in  statistical  analysis  by  itself.  This  report  is  the  ninth 
time  that  LGM-30A  and  B data  have  been  reported  in  this  manner. 

Zero-Time  testing  was  started  as  soon  as  possible  after 
receipt  of  the  propellant  by  MANCP.  Data  from  these  tests  were 
used  to  establish  a base  line  for  each  test  to  which  each  sub- 
sequent test  data  (ATP  - Accelerated  Test  Plan)  were  compared 
in  the  reports  listed  above. 

The  LGM-30A  and  B propellant  test  matrix  (Table  1)  were  used 
to  determine  the  number  of  specimens  to  be  taken  from  each  pro- 
pellant loaf  and  the  specific  test  or  tests  to  which  these  specimens 
were  subjected.  Low  rate  tensile  and  hardness  specimens  were  taken 
from  all  LGM-30A  and  B blocks.  Specimens  for  other  physical  and 
combustion  tests  we*.e  taken  from  every  seventh  block. 

Some  tests  were  not  conducted  at  the  earlier  test  periods 
(0-6  years)  and,  therefore,  data  are  not  available  for  inclusion 
in  the  regressions. 


Table  1 


Test  Program 


The  test  matrix 
number  of  specimens 

is  taken  from  GTD-1C, 
and  test  methods  are 

Amendment  2,  and  the  tests, 
listed  below. 

conditions 

Test 

Conditions 

Description 

Per 

Cond 

Hardness 

10  Sec 

Dogbone  Ends 

3 

Low  Rate  Tensile 

2.0  in/min 

1/2"  JANNAF  Dogbone 

3 

High  Rate  Tensile 

1750  in/min 

3/4"  Dogbone 

3 

High  Rate  Triaxial 
Tensile 

600  psi,  1750 
in/min 

3/4"  GL  Rail  End  Bonded 

1 

Low  Rate  Biaxial 
Tensile 

0.2  in/min 

3/4"  GL  Rail  End  Bond 

1 

Stress  Relaxation 

3 X & 5% 

1/2"  x 1/2"  x 4"  EB 

3 

Dynamic  Response 

70  gm  ct  wt 

3.3"  dia  x .33"  disc 

1 

Sol  Gel 

1/2"  x 1/2" 

8 

VLR 

2 x 10“  ^ in/min 

1/2"  JANNAF  Dogbone 

3 

Ignitability 

168  cal/cm2  sec 

.050"  wafer 

3 

TCLE 

.200"  wafer 

3 

Pressure  Time 

500  psi 

1/2"  x 3/8"  x 1" 

3 

Burning  Rate 

1000  psi 

.156"  x .156"  x 5"  Strand 

3 

DTA 

12°C  Rise /min 

.040"  wafer 

3 

DSC 

.040"  wafer 

3 

Poisson's  Ratio 

77°F  + 2°  15% 
Strain 

.50"  x .50"  x 4" 

6 

Tear  Energy 

70°F  + 2° 

0.1"  x 1.18"  x 3" 

6 

Failure  Envelope 

- 3 - 


JANNAF  Dogbone 
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STATISTICAL  APPROACH 


In  order  to  determine  aging  trends  for  shelf /service  life  predictions, 
as  directed  by  Service  Engineering,  First  Stage  LGM-30A  and  B Minuteman 
Motor  propellant  (TP-H1011)  blocks  have  been  under-going  testing  since  1963, 
statistically  analyzed  and  reported  on  a regular  test  cycle  by  this  laboratory. 

The  primary  reason  for  performing  statistical  analysis  on  test  data  is 
for  the  detection  of  propellant  changes  due  to  aging  that  would  affect  motor 
reliability.  Regression  analysis  was  the  method  used  to  examine  data  and  to 
aid  in  drawing  conclusions  about  dependency  relationships  that  may  exist  i.e., 
relationship  between  age  versus  test  results. 

The  linear  model  (Y  = a + bX)  was  found  to  be  the  best  fit  model  for 
the  regressions  within  this  report.  The  only  exception  was  for  pressure 
time  at  maximum  pressure  where  the  reciprocal  of  X (Y  = a + b (1/X)  proved 
to  be  the  best  fit  model. 

Individual  data  points  from  different  time  periods  were  used  to  estab- 
lish a least  squares  trend  line  for  the  data.  The  variance  about  the 
regression  line,  obtained  using  individual  values  of  the  dependent  vari- 
able, was  used  to  compute  a tolerance  interval  such  that  at  the  90%  con- 
fidence level  90%  of  the  sample  distribution  falls  within  this  interval. 

This  tolerance  interval  was  extrapolated  to  a maximum  of  24  months  into 
the  future  from  age  of  the  oldest  motor  tested.  The  ’ t'  values  and  the 
significance  of  this  statistic,  which  are  reported  for  each  regres- 
sion model,  give  an  indication  of  the  'statistical  significane'  of 
the  slope  of  the  trend  line  as  compared  to  a line  of  zero  slope. 


Data  were  plotted  by  computer.  The  ' y'  axis  is  computed  so  that 
the  values  at  one  inch  intervals  are  peculiar  to  the  data  spread  of 
the  parameter  tested.  Plotted  data  points  represent  means  at  the 
particular  ages  at  which  testing  occurred.  The  number  of  specimens 
at  each  age  point  is  indicated  on  the  sample  size  summary  sheet 
accompanying  each  regression  plot  or  group  of  regression  plots. 

Variance  at  each  test  age  can  be  determined  by  consulting  the  G085 
data  storage  system. 

In  a few  cases,  a small  change  has  become  apparent  in  data 
variance  and  regression  trend  lines.  However,  the  changes  are 
gradual  and  no  operational  problems  are  expected  at  this  time. 

A post  cure  effect  (propellant  stabilizing  after  the  first 
year  or  two)  has  been  observed  on  some  of  the  early  test  data 
(pressure  time,  low  rate  biaxial  tensile,  high  rate  tensile,  and 
high  rate  triaxial  tensile)  which  tended  to  bias  and  skew  the  pro- 
jected trend  lines.  To  overcome  this  factor,  two  methods  of  analy- 
sis were  performed:  First,  where  possible,  non-linear  models  were 
used  that  would  best  fit  the  total  data  (pressure  time  [,max  pressure]); 
Second,  where  non-linear  models  were  not  the  best  fit,  this  early 
data  was  eliminated  (low  rate  biaxial,  high  rate  tensile,  and  high  rate 
triaxial).  By  compensating  for  this  post  cure  biasing,  a more  accurate 
aging  trend  line  for  service  life  prediction  is  provided. 


TEST  RESULTS 


A.  TENSILE: 

Regressions  for  very  low  rate  tensile  data  show  a statistically 
significant  decrease  in  the  strain  parameters.  The  maximum  stress 
regression  shows  a statistically  significant  increase  with  the  stress  at 
rupture  showing  no  significant  change.  The  regression  for  modulus 
shows  a statistically  significant  increase  (Figures  1 thru  5). 

Low  rate  tensile  for  strains  show  a statistically  significant  decrease. 

The  maximum  stress  regression  shows  a statistically  significant  increase 
and  the  stress  at  rupture  shows  a statistically  significant  decrease. 

A statistically  significant  increase  is  shown  for  modulus  (Figures  6 thru  10). 

For  low  rate  biaxial  tensile  testing,  strain  at  maximum  stress 
does  not  show  a significant  trend  with  strain  at  rupture  showing  a 
statistically  significant  decrease.  The  maximum  stress  regression  shows 
a statistically  significant  increase  and  stress  at  rupture  shows  no 
significant  change.  The  regression  for  modulus  shows  a statistically 
significant  increase  (Figures  11  thru  15). 

The  high  rate  tensile  strain  at  maximum  stress  shows  a statistically 
significant  increase.  Strain  at  rupture,  maximum  stress  and  stress  at 
rupture  show  a statistically  significant  decrease.  Modulus  shows  a 
statistically  significant  increase  (Figures  16  thru  20). 

For  triaxial  tensile  testing,  strain  at  maximum  and  strain  at 
rupture  show  a statistically  significant  increase.  Maximum  stress  and 
stress  at  rupture  do  not  show  a significant  change.  Modulus  shows  a 
statistically  sign.lf  leant  decrease  (Figures  21  thru  25). 
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For  all  of  the  tensile  testing,  where  changes  are  shown,  the 
trends  are  gradual  and  no  operational  problems  are  expected  for  at 
least  two  years  beyond  the  oldest  data  point. 


B.  STRESS  RELAXATION: 

Modulus  at  both  3%  and  5%  strain  shows  a statistically  significant 
increase  for  all  time  periods  (Figures  26  thru  33).  However,  the  slope 
of  the  trend  lines  are  gradual  and  no  operational  problems  with  the 
propellant  are  expected. 


C.  HARDNESS: 

There  is  a statistically  significant  increase  in  hardness  data  (Figure  34). 
The  increase  in  hardness  correlates  with  the  tensile  testing  data  where, 
in  general,  the  strains  show  a decrease  and  the  stresses  and  modulus  show 
an  increase. 

D.  DYNAMIC  RESPONSE: 

The  storage  shear  modulus  at  200  and  400HZ  shows  a statistically 
significant  decrease  while  the  loss  tangent  at  200  and  400HZ  shows  a 
statistically  significant  increase  (Figures  35  thru  38). 

E.  CONSTANT  STRAIN: 

Strain  at  rupture  for  constant  strain  does  not  show  a significant 
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change  (Figure  39). 


F.  TCLE  (THERMAL  COEFICIENT  OF  LINEAR  EXPANSION): 

The  thermal  coefficient  of  linear  expansion  below  and  above  the  glass 
transition  point  shows  a statistically  significant  increase  (Figures  40  & 41). 

G.  SOL  GEL: 

The  cross  link  density  shows  a statistically  significant  increase  with 
a statistically  significant  decrease  for  percent  extractables  and  weight 
swell  ratio  (Figures  42  thru  44). 

The  increasing  cross  link  density  trend  correlates  well  with  the  other 
physical  properties.  The  tensile  testing  shows  an  increase  in  maximum 
stress  and  modulus  with  strains  decreasing.  In  addition,  hardness  is 
increasing  as  would  be  expected  as  the  polymer  molecules  continue  to 
cross  link.  The  stress  relaxation,  dynamic  response  and  constant  strain 
also  correlates  with  cross  link  density. 

H.  DTA  (DIFFERENTIAL  THERMAL  ANALYSIS): 

For  the  DTA  regressions  the  endotherm  and  first  and  second  exotherms 
show  a statistically  significant  decrease.  The  third  exotherm  shows  a 
statistically  significant  increase.  There  is  no  significant  change  for 
ignition  temperature  (Figures  45  thru  49) . 

I.  PRESSURE  TIME: 

Maximum  pressure  shows  a statistically  significant  decrease  and  the 
time  to  maximum  pressure  shows  a statistically  significant  increase  (Figures 
50  and  51). 

J.  BURNING  RATE: 

The  burning  rate  shows  a statistically  significant  decrease  (Figure  52). 
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This  correlates  with  the  increasing  time  to  maximu  pressure. 


K.  IGNITABILITY: 

Ignitability  shows  no  significant  change  (Figure  53) . 

L.  DSC  (DIFFERENTIAL  SCANNING  CALORIMETER): 

The  endotherm  and  first  exotherm  show  no  significant  change  (Figures 
54  and  55).  The  second  exotherm  shows  a statistically  significant 
increase  (Figure  56) . 

In  general,  where  statistically  significant  changes  are  shown  for  the 
thermal  analysis  the  trends  are  gradual.  From  this  it  is  concluded  that 
the  propellant  will  remain  thermally  stable  for  at  least  two  years 
beyond  the  last  data  point. 
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CONCLUSIONS 


This  report  includes  LGM-30  A and  B bulk  propellant  test  results 
presently  in  the  G085  System  and  covers  the  past  fifteen  years  of 
testing. 

The  test  results  show  that  under  present  storage  conditions  the 
physical/mechanical  and  combustion  properties  of  the  propellant  are 
remaining  relatively  stable  with  age.  This  is  indicated  by  the  regression 
plots  where  the  slope  of  the  trend  line  is  relatively  flat  or  close  to  a 
line  of  zero  slope  and  have  not  changed  appreciably  from  the  last  test 
period. 

From  the  statistical  analyses,  all  tests  conducted  indicate  that 
motor  propellant  reliability  will  not  be  affected  for  two  years  past 
the  last  data  point  on  the  regression. 
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STAGE  1 . WING  142  HIGH  RATE  CH5=1750  IN/MIN  MAXIMUM  STRESS  (SM) 
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STAGE  1 .WING  U> 2 HIGH  RATE  CHS=1750  IN/MIN  STRAIN  AT  RUPTURE  (ER) 
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STAGE  1 , WING  1*2  H-R.  TRIAXIAL  CHS=17S0, f SI=600.  STRAIN  AT  MAX  STRESS  (EMJ 
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STAGE  1 , WING  142  H.R.  TRIAXIPL  CHS=1750,  PSI=6CJ0,  STRAIN  AT  RUPTURE  CER3 
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STAGE  1 , A ING  142  H.R.  TRIAXIpL  CH3=1750, rSI=6Q0,  MODULUS  (E) 
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This  sample  size  summary  is  applicable  to  figures  26  thru  29. 
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STAGE  I r MING  U2, STRESS  RELAXATION  3. OX  1000  SEC  TEST  TEMP.  77  OEG 


***  SAMPLE  SIZE  SUMMARY  **♦ 
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This  sample  size  summary  is  applicable  to  figures  30  thru  33. 
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STAGE  I,  WING  U2.STRE33  RELAXATION  5.0/C  10  SEC  TEST  TERR.  77  OEG 
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STAGE  I, MING  U2.  STRESS  RELAXATION  5. OX  100  SEC  TEST  TEMP.  77  OEG 


— <\) 

oo 

4-  I 
UJUJ 
07  CD 
CD  CD 
07  CM 
<\J  07 
CD  O 
ST"- 
3-00 

CD  C\J 
+ «• 


X II  II 
* ^ CO 


UI 

3 

CO 

CM 

07 

CM 

0- 

on 

CD 

* 

II 

I fti 

CD 


r 

o c 

O 

tu 
Q 

o 

♦ 

m it 

„ CO 

? 2 

UJ  ~ 

CD  ^ 

r-i-i-i-  ~ 

3- 222  S 

--a  <x  a 5 

(MooucnH 

J _ _ — . _ 

CDU.IdU.COi_ 
• — — • — oo 
CM  2 2 2 

•*.  ooo 

w CO  CO  CO  II 

4-  II  II 
— UCC 


CO 

Ui 


CMUU 

OOO 

4- 

UJUJUI 

ooo 

CM  2 2 

inaa 

3*00 

OO 

r^uu 

CM— • — i 
• 22 
cooo 


II  2 
O 
-o 
UI 
U Ui 

ooc . 


UI 

Ole 

20! 


S 


a 

oco" 

— ui1^ 

U.UI  — 

— oc? 

zoi 

OUJ® 
CO  CO  CO  ° " 
CO 

z 

o 


— — o 
-ooo 

4-  I 4. 
UJUJUI 
CO  CM  CO 

toco  — 

CM  1/7  — 
r-3*— 

07  CO  CO  ID  = 

co — o — S 

3- 1/7  CM  CD  £ 


O 

2 

O 

O 

UJ 


00  — 07 

♦ U ♦ 


• co; 


co 


ii  ii  ii  it 

u.cc  -z 


I ~ 


X 

*x 

x *j?rx 

■*l  .X 


I 

I 


■V 

t 


$ 

X 

M 


'** 


•CO 


o 

o 


o 

o 

Lev 


4 


X 

X 


XI  1c 


X X 

X 


X X 


yi 


* 

X 

% 

15*7 


a 

UJ 

o 

r~ 

r» 


U 

2 

UI 

1 — 

o — 

y— 

o CO 

CO 

UI 

1— 

— cc 

UJ 

CJ 

>- 

UI 

(O 

* — r 

o 

o 

o 

o 

o 

oH 

n: 

tn 

o 

UJ 

in’  £ 

i — 

CO 

2 4J 

O H- 

O M 

— 3 

oac 

)—  00 

a £ 

”<o , 

UJ 

a 

CD 

—i 

a 

UJ 

c 

CO 

o 

CO 

o 

UI 

v • 

tc 

3* 

h- 

co 

CM 

V 

O 

o 

o 

n • * 

2 

CM 

2 

• 

— 

UI 

CD 

a 

o 

i_ 

o 

to 

00*09  00*0S 

,0T* 

smnaow 


oo’oti  oo  *de  oo'dz  oo'of 5 

isd  = 3ynsy3W~do  iinh 
Nonyxyigy  = y3i3wyyyd 


- 51  - 


Figure  33 
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HING  U 2,  HAR0NE55  SHORE  A,  10  SECONO  PROPELLANT 


*♦*  SAMPLE  SIZE  SUMMARY 
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sample  size  summary  is  applicable  to  figures  40  and  41 
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***  SAMPLE  SIZE  SUMMARY 
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This  sample  size  summary  is  applicable  to  figure  42. 
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This  sample  size  summary  is  applicable  to  figure  43. 
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This  sample  size  summary  is  applicable  to  figure  44 
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This  sample  size  summary  is  applicable  to  figures  45  and  46. 
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This  sample  size  summary  Is  applicable  to  figures  50  and  51. 
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This  sample  size  summary  is  applicable  to  figure  52. 
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This  sample  size  summary  Is  applicable  to  figures  55  and  56 
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